AGENTS FOR PREVENTING AND TREATING THROMBOCYTOPENIA 

[0001] This is a division of co-pending parent application 
Serial No. 09/117,379, the national stage under 35 U.S.C. §371 
of international application PCT/ JP97/00255, which designated 
the United States, was nationalized July 29, 1998, and was not 
published in English. 

Field of Invention 
[0002] This invention relates to agents for preventing and 
treating thrombocytopenia that contain a parathyroid hormone 

(PTH) or a derivative thereof as an active ingredient. 

Background of Invention 
[0003] Platelets, as well as erythrocytes and neutrophils 
which are also in the class of mature corpuscles, originate 
from hematopoietic stem cells and are produced by the 
differentiation and proliferation of these cells. In the 
early stage of the hematopoietic process, hematopoietic stem 
cells differentiate and proliferate to megakaryocytes via 
their precursor cells. Mature magakaryocytes form 
proplatelets which would eventually be released into 
peripheral blood as platelets. It has been found that various 
hematopoietic factors and cytokines are involved in the series 
of steps in the above-described platelet production process. 
For example, it has been shown experimentally that 



interleukin-3 is involved in the stage from stem cells to 
megakaryocytes, interleukin-6 in the maturing of 
megakaryocytes and thrombopoietin in the stage from stem cells 
to the maturing of megakacyocytes . It is speculated that a 
certain factor is also involved in the process of platelet 
production and release from mature magakacyocytes but no such 
factors are yet to be identified. 
O [0004] Thrombocytopenia manifests itself if either one of 

' the steps in the above-described thrombopoietic process is 

m 

%^ interfered with and there are two major causes of such 

m 

J" interference, abnormality in hematopoietic cells and 

abnormality in hematopoietic factors. In the first case, the 

iSff s 

ly 

Sa differentiation and proliferation of hematopoietic cells are 

interfered with by either congenital or acquired causes. 
Aplastic anemia and osteomyelodysplasia syndrome are known to 
occur by congenital causes and bone marrow transplantation and 
the administration of chemotherapeutics are two known acquired 
causes. As for the abnormality in hematopoietic factors, 
cyclic thrombocytopenia is known to be caused by this reason. 

[0005] Transfusion of platelets is currently considered to 
be an effective means of treating thrombocytopenia but this 
treatment does not necessarily supply an adequate amount of 
platelets and, in addition, it involves the risk of infection 
with viruses and other pathogens. Therefore, the development 
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of agents effective in preventing and treating 
thrombocytopenia is desired. 

[0006] A parathyroid hormone (PTH) is known as one of the 
important hormones for bone metabolism. Numerous reports have 
so far been published to describe the actions of PTH on the 
bone but there are few reports on its action on the 
hematopoietic system. The exception is the report by Meytes 
O et al {J. Clin. Invest. Vol. 67, 12 63-12 69:1981), which showed 
r. that PTH interfered with the in vitro colony formation by 

■J' BFU-E (precursor cells of erythrocytes) and CFU-GM (precursor 

cells of granulocytes and macrophages) . Thus, nothing has 
^ been unraveled about the action of PTH on thrombopoiesis . 

Summary of Invention 
[0007] An object of the present invention is to provide 
agents for preventing and treating thrombocytopenia. Another 
object of the invention is to provide pharmaceutical drugs 
that are effective in treating or preventing diseases that 
accompany thrombocytopenia . 

[0008] As the result of their intensive studies, the 
present inventors found that a parathyroid hormone (PTH) or 
its derivatives are effective in the treatment of thrombo- 
cytopenia, and the present invention has been accomplished on 
the basis of this finding. 
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[0009] Thus^ the present invention relates essentially to 
an agent for preventing and treating thrombocytopenia that 
contains a parathyroid hormone (PTH) or a derivative thereof 
as an active ingredient. The invention also relates to an 
agent for preventing and treating thrombocytopenia that 
contains human PTH (1-84) or one or more derivatives thereof as 
an active ingredient. The invention further relates to an 
agent for preventing and treating thrombocytopenia that 
contains a parathyroid hormone (PTH) or human PTH (1-34) as an 
active ingredient- The invention also relates to an agent for 
preventing and treating thrombocytopenia that contains a 
parathyroid hormone (PTH) as an active ingredient. The 
invention further relates to an agent for preventing and 
treating thrombocytopenia that contains human PTH (1-84) as an 
active ingredient. The invention also relates to an agent for 
preventing and treating thrombocytopenia that contains a 
derivative of parathyroid hormone (PTH) as an active 
ingredient. The invention further relates to an agent for 
preventing and treating thrombocytopenia that contains human 
PTH (1-34) as an active ingredient. It should be noted that 
aside from thrombocytopenia^ the agents of the invention for 
preventing and treating thrombocytopenia are intended to 
prevent and treat various diseases that are attributable to 
thrombocytopenia such as thrombocytopenic purpura and various 
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diseases that tend to cause bleeding due to, presumably, 
thrombocytopenia . 

Brief Description of Drawings 
[0010] Fig. 1 is a graph showing the platelet increasing 

action of PTH (when administered in a single dose to mouse) ; 
[0011] Fig. 2 is a graph showing the platelet increasing 

action of PTH (when administered daily to mouse) ; 

[0012] Fig. 3 is a graph showing the platelet increasing 

action of a PTH derivative (when administered daily to mouse) ; 

and 

[0013] Fig. 4 is a graph showing the platelet increasing 
action of PTH (when administered daily to rabbit) . 

Detailed Description of Embodiments 
[0014] The parathyroid hormone (PTH) to be used in the 
invention may occur in various forms including PTH of a native 
type, PTH produced by genetic engineering techniques and PTH 
synthesized chemically; preferably it refers to human 
PTH (1-84) composed of 84 amino acid residues. Examples of PTH 
derivatives include partial peptides of the PTH as defined 
above, the constituent amino acids of the PTH per se of 
partial peptides thereof which are partly replaced by other 
amino acids, the constituent amino acids of the PTH per se or 
partial peptides thereof which are partly depleted, as well as 
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peptides that have at least amino acid added to the PTH per se 
or partial peptides thereof; the peptides as PTH derivatives 
should have similar activities to the PTH itself. Exemplary 
partial peptides of PTH include human PTH(l-34)^ human 
PTH (1-64), human PTH (35-84) and bovine PTH (1-34). PTH (1-34) 
refers to a partial peptide of PTH that is composed of 34 
amino acids as counted from the N terminus of PTH. 

[0015] Preferred examples of amino acid replacement include 
substitution of leucine or norleucine for the constituent 
amino acid in the 8-position, substitution of leucine or 
norleucine for the constituent amino acid in the 18-position, 
and substitution of tyrosine for the constituent amino acid in 
the 34-position. 

[0016] Preferred examples of the parathyroid hormone (PTH) 
or its derivatives which are to be used as agents for 
preventing and treating thrombocytopenia in the invention 
include human PTH (1-84), human PTH (1-34), human PTH (1-38), 
human PTH (1-37), human PTH ( 1-34 ) -NH2 and so forth; more 
preferred examples include human PTH(l-84) and human PTH(134); 
the most preferred is human PTH(l-84). 

[0017] The agents for preventing and treating 
thrombocytopenia refer to the therapeutics and preventives, 
preferably therapeutics, of thrombocytopenia, thrombocytopenic 
purpura and various diseases that tend to cause bleeding due. 



presumably^ to thrombocytopenia. Conditions included in the 
scope of thrombocytopenia are the disease caused by radiation 
therapy and the disease accompanying bone marrow 
transplantation. Also included in the scope of thrombo- 
cytopenia are the disease caused by the selective suppression 
of megakaryocytes due, for example, to pharmaceutical drugs 
(phenylbutazone, gold compounds, tolbutamide and 
chemotherapeutics) and viral infection, the diseases caused by 
systemic myelocytic deficiencies such as aplastic anemia, 
autoimmune thrombocytopenic purpura, osteomyelodysplasis 
syndrome, leukemia, multiple myeloma and megakaryoblastic 
anemia, drug-induced immune thrombocytopenia, post-transfusion 
purpura and secondary immune thrombocytopenia. 

[0018] A typical dosage form for the pharmaceutical drugs 
of the invention is as an injection (e.g. liquid preparations 
and lyophilized preparations) that is produced by ordinary 
pharmaceutical formulation procedures applicable to peptides; 
also useful are dosage forms that are intended to be show 
local and delayed actions, as by inclusion within micro- 
capsules or incorporation in sheets of gel. When formulating 
pharmaceutical preparations , pharmaceutically acceptable 
adjuvants may be added. In order to increase the half-time in 
blood, pharmaceutical preparations modified with polyethylene 
glycol may be formulated. 



[0019] Useful adjuvants include base materials, 
stabilizers , antiseptics , preservatives , emulsif iers, 
suspending agents, solubilizers , solvent promoters, 
lubricants, flavoring agents, coloring agents, fragrances, 
soothing agents, vehicles, binders, viscous agents, buffers, 
etc. Specific examples include calcium carbonate, lactose, 
M== sucrose, sorbitol, mannitol, starches^ amylopectin, cellulosic 
O derivatives, gelatin, cacao butter, distilled water for 

?. 'is? 

injections, aqueous sodium chloride. Ringer's solution, 
5J glucose solution, human serum albumin and so forth. 
1'; [0020] When preparing the pharmaceutical drugs of the 

invention using the above-mentioned adjuvants, suitable 
p adjuvants may be selected with reference to a certain data 

book such as "A List of Pharmacoutical Additives" (published 
by the Committee on Medical Laws and Regulations, Tokyo 
Society of Pharmaceutical Industry, Foundation and by the 
Study Committee on Medical Laws and Regulations, Osaka Society 
of Pharmaceutical Industry, Foundation) . The amounts in which 
the adjuvants are to be used my be selected as appropriate for 
the dosage form and other factors from within the ranges 
tolerated by pharmacoutical formulation procedures, 

[0021] The pharmaceutical drugs of the invention may be 
administered by either systemic or local route, preferably by 
a local route such as subcutaneously , intravenously. 
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intranasally or transpuimonarily • In principle, the duration 
of administration should not be shorter than the period over 
which the patient is clinically diagnosed as suffering from 
thrombocytopenia; depending on the etiology of the disease, 
the clinical physician may decide to continue the 
administration after the patient's recovery. If the 
occurrence of thrombocytopeni,a is anticipated as in the case 
where a chemotherapeutic is being administered, the drugs of 
the invention may be administered for preventive purposes even 
if the patient is not currently suffering from disease. The 
frequency of administration may range from Once a month to 
daily administration; preferably, the frequency ranges from 
once in two weeks to about five times a week or, 
alternatively, the drugs may be administered daily. 

[0022] The dose of the PTH of the invention varies with the 
disease it is indicated for, the severity of the disease and 
other factors; for systemic administration, the PTH ' s dose 
ranges from about 1 {ig to about 1000 jig per kg of body weight, 
preferably from 5 jig to 200 |ig per kg of body weight. 
EXAMPLES 

[0023] The present invention will now be described in 
greater detail with reference to the following examples. The 
human PTH (1-84) used in Examples 1-4 was prepared by an 
improved version of the methods described in Japanese Domestic 
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Announcement (kohyo) No- 505259/1992 and J. Biol. Chem. , 265, 
15854(1990). The human PTH(l-34) used in Example 3 was 

purchased from Peptide Institute, Inc. 

EXAMPLE 1: TEST FOR SINGLE-DOSE ADMINISTRATION TO MOUSE 
(Animal on Experiment) 

[0024] Nine-week old male C57B1/6N mice as purchased from 
Japan Charles River Co. Ltd. were used in the experiment. 

(Preparation of Drug Soluti ons to t)e Administered) 
JS.; [0025] Human PTH(l-84) was dissolved in a citrate buffer 

gi (pH 5; containing 0-05% of Tween 80) at final concentrations 

of 1, 0-2 and 0.04 ~g/mL so as to prepare the drug solutions 
flJ to be administered. 

H (Administration) 

[0026] Each of the thus prepared drug solutions and a 
control (citrate buffer) was administered to 15 mice through 
the tail vein in a volume of 10 mL/kg. Hence, the dose of the 
human PTH(l-84) was 0, 0.4, 2 and 10 |Lig/kg, respectively. The 
administration was initiated at 10 a.m. 

(Blood Sampling and Counting peripheral Corpuscle) 

[0027] After 3, 6 and 9 hours of the administration, five 
mice were picked up at random from each group of animals and 
blood samples were withdrawn through the orbital vein. At 10 
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a.m. on the same day, separate blood samples were taken from 
untreated mice (four in number) to obtain the 
preadministration value. Peripheral corpuscle counts were 
obtained with an automatic corpuscle counter F-800 (TOA 
MEDICAL ELECTRONICS CO., LTD.) 

(Results) 

[0028] The results are shown in Fig. 1. The group 
administered with 10 pg/kg of PTH showed a significant 
increase in platelet counts over the control at 6 and 9h after 
the administration. Thus, the platelet count increased within 
a short period after the administration of PTH. 

EXAMPLE 2: TEST FOR DAILY ADMINISTRATION TO MOUSE 
(Animal on Experiment) 

[0029] Nine-week old male C57B1/6N mice as purchased from 
Japan Charles River Co., Ltd. were used in the experiment. 

(Preparation of Drug Solutions to be Administered) 

[0030] Drug solutions to be administered were prepared 

basically by the same procedure as in Example 1 to give drug 

concentrations of 5, 20 and 80 }ig/mL. 

(Administration) 

[0031] The mice under test were divided into four groups, 

which were administered subcutaneously with the three drug 

solutions and a control (citrate buffer) once a day in a 



volume of 10 mL/kg. Hence, the dose of the drug was 0, 50, 
200 and 800 pg/kg, respectively. The administration was 
initiated at 10 a.m. 

(Blood Sampling and Counting Peripheral Corpuscles) 

[0032] On days 5, 7 and 9 after the start of 
administration, five or six mice were picked up at random from 
each group of animals and blood samples were withdrawn through 
the orbital vein. The sampling of blood was timed to occur 24 
h of the final administration. Separate blood samples were 
taken from untreated mice (five in number) to obtain the value 
for normal mouse. Peripheral corpuscle counts were obtained 
with an automatic corpuscle counter F-800(TOA MEDICAL 
ELECTRONICS CO., LTD.). 

(Results) 

[0033] The results are shown in Fig. 2. On day 5, the 
platelet count showed a tendency to increase only in the 
groups administered 200 and 800pg/kg of PTH but on day 7, all 
of the treated groups were significantly higher in platelet 
count than the control- It was therefore clear that the PTH 
also had a platelet increasing action even when it was 
administered daily. 



- 12 - 



EXAMPLE 3: EFFECTIVENESS OF PTH DERIVATIVE 
(Animal on Experiment) 

[0034] Ten-week old male C57B1/6N mice as purchased from 
Japan Charles River Co., Ltd. were used in the experiment. 

(Preparation of Drug Solutions to be Administered) 

[0035] Drug solutions to be administered were prepared 
basically from human PTH (1-84) and human PTH (1-34) by the same 
procedure as in Example 1 to give a drug concentration of 20 
]xg/mL . 

(Administration) 

[0036] Eighteen mice were divided into three groups, which 
were administered subcutaneously with the two drug solutions 
and a control (citrate buffer) for six days on a once-a-day 
basis in a volume of 10 mL/kg. Hence, the dose of the drug 
was 0 and 200 pg/kg, respectively. The administration was 
initiated at 10 a.m. 

(Blood Sampling and Counting Peripheral Corpuscles) 

[0037] After 24 h of the final administration, a blood 
sample was withdrawn from each mouse through the orbital vein. 
Peripheral corpuscle counts were obtained with an automatic 
corpuscle counter F-800 (TOA MEDICAL ELECTRONICS CO., LTD) 



(Result) 

[0038] The results are shown in Fig. 3. Obviously, 
PTH(134) has a comparable platelet increasing action to 
PTH(l-84). From these results, one may well expect that even 
shorter partial peptides of PTH as well as partial peptides of 
intermediate sizes, for example, PTH (35-84) and PTH (1-64) 
would have similar actions. 

EXAMPLE 4: TEST FOR DAILY ADMINISTRATION TO RABBIT 

"I 

Ij; Animal on Experiment) 

^ [0039] Six 12-15 week old male Japanese albino rabbits 

r JW/CSK were used in the experiment. The animals were 

fij individually kept in aluminum rabbit bracket cages Rb-1 (350^ x 

SJ 500^ X 350^ mm) in a vavarium in a specific pathogen-free 

« ^5 

N: environment under the following conditions: temperature, 24 + 

2°C; humidity, 50 + 10%; illumination, light turned on at 5:00 
and turned off at 19:00; ventilation, 15 changes/hr. Each 
animal was supplied with 120 g of a radiation-sterilized feed 
for rabbits RM (purchased from Funahashi Farm) per day. The 
animals were also allowed to drink to tap water ad libitum 
from an automatic water feeder. 

(Preparation of Drug Solutions to be Administered) 

[0040] Human PTH (1-84) was administered in a volume of 2 
mL/vial at a concentration of 200 lag/mL. A solvent was also 
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supplied in a volume of 2 mL/vial. Both the drug and the 
control were stored at -135^C until use. 

(Method of Administration) 

[0041] PTH (200 ]ag/kg) was administered to the rabbits 
subcutaneously at the back of their neck for 13 consecutive 
days. The solvent was similarly administered in the same 
volume as the dose of a rh-PTH solution calculated from their 
body weight - 

(Blood Sampling and Counting Peripheral Corpuscles) 

[0042] Blood samples (0.5 mL) were withdrawn from the 
rabbits through the lateral auricular vein before the 
administration and on days 2^ 6^ 9 and 13 during the 
administration period. Each blood sample was distributed 
among blood testing vessels SB-41S (TOA MEDICAL ELECTRONICS 
CO., LTD.) and heparinized; thereafter, platelet counts were 
obtained with an automatic corpuscle counter F-800 (TOA 
MEDICAL ELECTRONICS CO. LTD.). 
(Results) 

[0043] Three rabbits were daily administered with 200 yg/kg 
of PTH and platelets were counted on days 0, 2, 6, 9 and 13 of 
the administration period. The results are shown in Fig. 4. 
Starting on day 2 of the administration, the platelet count 
increased until day 6, exhibiting two to four times as great 
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as the initial value. The platelet count substantially 
returned to the initial level on day 13. 
INDUSTRIAL APPLICABILITY 

[0044] The agents of the present invention which contain a 
parathyroid hormone (PTH) or a derivative thereof as an active 
ingredient are useful as therapeutics and preventives of 
thrombocytopenia^ thrombocytopenic purpura and various 
diseases that tend to cause bleeding due, presumably, to 
thrombocytopenia . 

[0045] The foregoing description of the specific 
embodiments will so fully reveal the general nature of the 
invention that others can, by applying current knowledge, 
readily modify and/or adapt for various applications such 
specific embodiments without undue experimentation and without 
departing from the generic concept, and, therefore, such 
adaptations and modifications should and are intended to be 
comprehended within the meaning and range of equivalents of 
the disclosed embodiments. It is to be understood that the 
phraseology or terminology employed herein is for the purpose 
of description and not of limitation. The means, materials, 
and steps for carrying out various disclosed functions may 
take a variety of alternative forms without departing from the 
invention . 
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[004 6] Thus the expressions "means to..." and "means 
for...", or any method step language, as may be found in the 
specification above and/or in the claims below, followed by a 
functional statement, are intended to define and cover 
whatever structural, physical, chemical or electrical element 
or structure, or whatever method step, which may now or in the 
future exist which carries out the recited function, whether 
or not precisely equivalent to the embodiment or embodiments 
disclosed in the specification above, i.e., other means or 
steps for carrying out the same functions can be used; and it 
is intended that such expressions be given their broadest 
interpretation . 



